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ORIGINAL ARTICLE

Application of Hybrid Matrix Metalloproteinase-Targeted
and Dynamic ?°'Tl Single-Photon Emission Computed
Tomography/Computed Tomography Imaging for
Evaluation of Early Post-Myocardial Infarction Remodeling

See Editorial by Schelbert

BACKGROUND: The induction of matrix metalloproteinases (MMPs) and
reduction in tissue inhibitors of MMPs (TIMPs) plays a role in ischemia/
reperfusion (I/R) injury post-myocardial infarction (Ml) and subsequent

left ventricular remodeling. We developed a hybrid dual isotope single-
photon emission computed tomography/computed tomography approach
for noninvasive evaluation of regional myocardial MMP activation with
99mTc-RP805 and dynamic 2°'Tl for determination of myocardial blood flow,
to quantify the effects of intracoronary delivery of recombinant TIMP-3
(rTIMP-3) on I/R injury.

METHODS: Studies were performed in control pigs (n=5) and pigs
following 90-minute balloon occlusion—induced ischemia/reperfusion (I/R)
of left anterior descending artery (n=9). Before reperfusion, pigs with I/R
were randomly assigned to intracoronary infusion of rTIMP-3 (1.0 mg/

kg; n=5) or saline (n=4). Three days post-I/R, dual isotope imaging was
performed with ®*"Tc-RP805 and °'Tl along with contrast cineCT to assess
left ventricular function.

RESULTS: The ischemic to nonischemic ratio of *"Tc-RP805 was
significantly increased following I/R in saline group (4.03+1.40), and

this ratio was significantly reduced with rTIMP-3 treatment (2.22+0.57,;
P=0.03). This reduction in MMP activity in the MI-rTIMP-3 treatment
group was associated with an improvement in relative Ml region
myocardial blood flow compared with the Ml-saline group and improved
myocardial strain in the Ml region.

CONCLUSIONS: We have established a novel hybrid single-photon
emission computed tomography/computed tomography imaging
approach for the quantitative assessment of regional MMP activation,
myocardial blood flow, and cardiac function post-I/R that can be used
to evaluate therapeutic interventions such as intracoronary delivery
of rTIMP-3 for reduction of I/R injury in the early phases of post-Ml
remodeling.
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CLINICAL PERSPECTIVE

Myocardial infarction (M) is prevalent occurring
in >1.2 million patients annually. Following isch-
emia-reperfusion post-MI, there is activation of
proteolytic enzymes, matrix metalloproteinases
that degrade the extracellular matrix within the
Ml region. This process results in structural altera-
tions, infarct expansion, and adverse remodeling
that can result in heart failure. In the current study,
we developed and applied an advanced noninva-
sive dual isotope hybrid single-photon emission
computed tomography/computed tomography
imaging approach that provides a regional map
of matrix metalloproteinase activation in the myo-
cardium in conjunction with quantification of
regional myocardial blood flow and function. This
approach can be performed early following isch-
emia-reperfusion injury and can be used to guide
and evaluate novel therapies to prevent post-Ml
remodeling. This methodology was specifically
used to assess therapeutic intracoronary delivery of
a matrix metalloproteinase inhibitor, recombinant
tissue inhibitors of matrix metalloproteinases-3,
to the MI region, demonstrating a reduction in
matrix metalloproteinase activity as measured by
single-photon emission computed tomography
imaging of a matrix metalloproteinase-targeted
imaging agent, °"Tc-RP805, an increase in myo-
cardial blood flow with dynamic ?°'Tl imaging, and
an improvement in left ventricular strain on cine
computed tomography. This novel hybrid imaging
approach confirmed the therapeutic benefit of the
intracoronary delivery of recombinant tissue inhibi-
tors of matrix metalloproteinases-3 early following
ischemia-reperfusion injury.

ing acute myocardial infarction (MI) has resulted in

complicating left ventricular (LV) myocardial injury
due to ischemia-reperfusion (I/R). While several biological
pathways are evoked early in the post I/lR period, both
basic and clinical studies have uniformly identified that
an induction in the family of proteases, the matrix metal-
loproteinases (MMPs), occurs.” While the substrates for
these MMPs were canonically thought to be extracellular
matrix proteins such as collagens, it is now recognized
that the substrate portfolio is diverse and includes pro-
cessing of a number of biological signaling molecules.? In
clinical observational studies, plasma levels of MMPs in-
crease significantly and have been related to the degree
of adverse LV remodeling in the early I/R period.? In ani-
mal studies, a cause-effect relationship between MMP
induction, LV injury and remodeling in the context of

The emphasis on early reperfusion strategies follow-
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ischemia has been established.*” However, these studies
were hampered by the fact that quantification of MMP
activity was through indirect measurement of circulating
biomarkers or in vitro surrogate methods and that actual
LV myocardial MMP activity was not directly assessed.
Past studies from this laboratory have established a novel
strategy by which MMP activity can be visualized within
the myocardium utilizing a single-photon emission com-
puted tomography (SPECT) imaging approach using a
*mTc-labeled MMP targeted radiotracer (**"Tc-RP805).5-1°
While our previous studies have validated this MMP ac-
tivity imaging approach with permanent coronary occlu-
sion, it remains unknown whether and to what degree
these prior findings can be extended to a clinically rel-
evant context of I/R injury, as well as at an early time
point post reperfusion (=72 hours post-I/R). We propose
to apply a novel hybrid SPECT/CT dual isotope imaging
approach that incorporates *"Tc-RP805 for in vivo evalu-
ation of regional myocardial MMP activity, with dynamic
21Tl imaging for quantitative evaluation of regional myo-
cardial blood flow (MBF), and contrast cine CT imaging
to evaluate changes in regional myocardial strain, and
global function in the early post-I/R period. Accordingly,
the first objective of this study was to demonstrate that
targeted MMP imaging can be successfully performed in
the early post I/R period using a clinically relevant large
animal (pig) model and to also examine regional MBF
and function, using a multi-modality imaging approach.

MMP activity is tightly controlled at several levels includ-
ing both transcriptional and post-translational regula-
tion.2 With respect to post-transcriptional regulation, the
endogenous tissue inhibitors of the MMPs (TIMPs) have
been shown to play an important role in the context of LV
remodeling." For example, transgenic deletion of a specific
TIMP, TIMP-3, was shown to exacerbate LV remodeling and
dysfunction following an ischemic insult.’? In clinical obser-
vational studies, the relative magnitude of plasma TIMP-
3 levels in the early post-I/R period is significantly blunted
when compared with MMP release.”>" In more recent
studies, myocardial supplementation (by direct injection or
by intracoronary delivery) of recombinant TIMP-3 (rTIMP-3)
has been shown to mitigate adverse LV remodeling in
the early postischemic period.'s'* However, direct in vivo
assessment of MMP activity following rTIMP-3 delivery in
the context of I/R has not been performed. Accordingly, the
second objective of this study was to examine regional LV
MMP activity following intracoronary delivery of rTIMP-3 in
the context of the early post-I/R period. Moreover, this tar-
geted MMP imaging approach was integrated with assess-
ment of regional MBF and function.

METHODS

The experimental and imaging approach are provided herein
(Figure 1), with expanded methodological detail provided in
the Data Supplement. The authors declare that all supporting
data are available within the article (Data Supplement).
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rTIMP-3 Formulations

The rTIMP-3 formulation and intracoronary dose used was
previously evaluated for efficacy in prior intracoronary deliv-
ery studies.'®

I/R Induction and rTIMP-3 Delivery

This multi-institutional study was approved by the institu-
tional animal care and use committees at both the University
of South Carolina School of Medicine and Yale University
School of Medicine and according to the National Institutes
of Health Guidelines for Care and Use of Laboratory Animals.
Mature Yorkshire male pigs (n=9; 25-30 kg) were anesthe-
tized (1.5%-2% isoflurane; Data Supplement), and under
fluoroscopic guidance (GE OEC 9600, UT), the left anterior
descending artery below the first diagonal branch under-
went balloon occlusion for 90 minutes. At the final 4 min-
utes of the occlusion period, the pigs were randomized to
receive either intracoronary rTIMP-3 (1.0 mg/kg, MI-rTIMP3
group, n=>5) or saline (Ml-saline group, n=4) contained in a
total 1 mL volume.'® One day following I/R induction, the pigs
were transported to the Yale Translational Research Imaging
Center for the imaging studies (Figure 1A). A separate cohort
of control pigs that had no coronary intervention underwent
imaging and were analyzed in identical fashion to establish
referent normal values.

In Vivo Dual-Isotope Hybrid SPECT/CT
Imaging

The pigs were anesthetized (1.5%-2% isoflurane), and
central access catheters placed for intravenous injection of
99mTc-RP805 (22-32 mCi), an in vivo marker of MMP activa-
tion. This MMP-targeted radiotracer binds to the catalytic
domain of all major MMP types, but not to other proteo-
lytic enzymes.®2° Approximately 4 hours following the *°mTc-
RP805 injection, an initial 15-minute SPECT/CT image was
acquired followed by injection of 2°'TI (1.5-3 mCi) and dual
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isotope dynamic SPECT/CT image was acquired over 30
minutes.

Dual Isotope SPECT/CT Imaging Methods

SPECT/CT images were acquired on a hybrid dedicated car-
diac cadmium-zinc-telluride SPECT/64-slice CT imaging sys-
tem (Discovery 570c NM/CT, GE Healthcare; see Figure 1B for
overview of imaging protocol). Two consecutive 15-minute list-
mode scans were acquired followed by a noncontrast CT (Data
Supplement). SPECT images were reconstructed using standard-
ized iterative algorithms previously validated.?' An ECG-gated
contrast CT was then acquired and endocardial and epicardial
LV surfaces identified and used to compute volumes, left-ven-
tricular ejection fraction (LVEF), and regional peak circumferen-
tial and radial strain as detailed in the Data Supplement. The
mid-anteroseptal region was analyzed as representative of the
central Ml region and compared with the contralateral remote
mid-lateral wall (Figure I in the Data Supplement).

Ex vivo SPECT/CT Imaging and Tissue
Gamma Well Counting

After completion of in vivo imaging, the pigs were eutha-
nized, and hearts excised. The excised hearts were then cast
and placed back in the hybrid SPECT/CT imaging system for
high resolution ex vivo imaging for optimal evaluation of
the 3-dimensional distribution of radiotracer activity (Data
Supplement). The LV was sliced into 4-mm thick short axis slices
from base to apex, and each slice was digitally photographed
for analysis of Ml size. Each slice was then divided into 8 radial
pies and further divided into epicardial and endocardial pieces
for gamma well counting for quantitative determination of
regional myocardial activity (Data Supplement). The absolute
uptake of each tracer was computed as the percent injected
dose per gram of tissue (%ID/g), with values displayed as a cir-
cumferential profile, as illustrated in Figure 2. Tissue segments
with values >70% of the overall maximum 2°'Tl LV uptake
were categorized as normal regions and segments with <70%
of the maximum 2°'Tl uptake were considered the Ml region.
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Figure 2. Postmortem analysis of myocardial radiotracer uptake.

A representative short-axis postmortem slice is shown with an anteroseptal infarct (A). Hearts were cut in 4-mm thick slices and cut into 8 radial pies, subdivided
into endocardial and epicardial segments. Myocardial radioactivity was assessed by gamma well counting, expressed as absolute uptake (%ID/g), and results
displayed as circumferential profiles from the anterolateral to inferolateral wall in a counter-clockwise direction (B). *"TcRP805 uptake (blue) was increased in the
myocardial infarction area (gray shaded area) that demonstrated decreased 2°'Tl uptake (black). LV indicates left ventricular.

Statistical Analyses

All data are expressed as mean+SD of the mean. The compar-
ative analysis between the means of the controls, Mi-saline,
and MI-rTIMP3-treated animals was assessed with a 1-way
ANOVA using post hoc Bonferroni analysis performed with
SPSS software (version 24.0, SPSS, Inc). The comparison of
means for MBF was assessed with a with a 2-way ANOVA with
a Sidak multiple comparison test and comparison of *mTc-
RP805 uptake ratio assessed with a unpaired t test performed
in GraphPad Prism. A P<0.05 was considered significant.

RESULTS

Global and Regional LV Function Early
Post-I/R

At 3 to 4 days post-I/R, both MI treatment groups dem-
onstrated a significant reduction in LVEF compared
with the control group (Table). Although there was an
improvement in LVEF in the MI-rTIMP3 group, this did
not achieve statistical significance (P=0.36) at this early
time point post I/R.

Examples of short-axis CT images with superimposed
endocardial and epicardial contours are shown for rep-
resentative pigs from each group (Figure 3A). Corre-
sponding color-coded polar maps are shown below for
peak circumferential strain (Figure 3B) and peak radial
strain (Figure 3C). Peak circumferential strain was sig-
nificantly (P=0.01) reduced in the Ml region of the M-
saline group (Table; Figure 4A) compared with controls,
although relatively preserved in the MI-rTIMP3 group.
Peak radial strain was also significantly reduced in the
MI region of the Ml-saline group compared with con-
trols (P<0.02; Table), and again relatively preserved in
the MI-rTIMP3 group. We also observed an increase in
radial strain in the remote area of the Ml-saline group
(P=0.05; Table) compared with controls, which was not
seen in the MI-rTIMP3 group (Figure 4B).

Quantitative Myocardial 2°'Tl Flow

The mid-wall anteroseptal region was analyzed and served
as representative of the central reperfused Ml region and
compared with the normal contralateral remote mid-wall
lateral region (Figure | in the Data Supplement).

Table. Global and Regional LV Function
rTIMP-3 1.0 mg/kg
Controls (n=4) Ml Only (n=4) P Value (n=5) P Value
LVED volume, mL 72.8+21.1 57.3+16.5 1.00 67.5+£30.5 1.00
LVES volume, mL 35.5+£17.9 43.2+15.0 1.00 48.9+25.7 1.00
LVEF (%) 53.2+14.2 25.3+6.4 0.01 30.1+£8.0 0.02
Peak circumferential strain (remote area) -10.3+1.69 -10.71+1.45 1.00 -7.76+3.38 0.48
Peak circumferential strain (infarct area) —13.40+3.05 -1.47+2.58 0.01 —7.34+4.34 0.08
Peak radial strain (remote area) 20.18+6.47 32.52+5.49 0.05 26.02+6.19 0.55
Peak radial strain (infarct area) 19.94+6.62 1.33+4.13 0.02 9.56+9.45 0.19

LVED indicates left ventricular end-diastolic; LVEF, left ventricular ejection fraction; LVES, left ventricular end-systolic; MI, myocardial infarction;
and rTIMP-3, recombinant tissue inhibitors of matrix metalloproteinases-3.
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Figure 3. Contrast computed tomography (CT) images and strains.

Representative contrast CT images are shown from a control, myocardial infarction (Ml)-saline and an MI-recombinantTIMP3 (rTIMP3) pig with the corresponding endocar-
dial (red) and epicardial (green) contours (A). These contours were used to compute regional peak circumferential left ventricular strain (B) and peak radial strain (C) for each
of the 17 American Heart Association segments, excluding apex. Color scale bars are associated with each map. TIMP indicates tissue inhibitors of matrix metalloproteinases.

Representative quantitative polar maps of regional
quantitative myocardial flow (K1) derived from dynamic
20T SPECT imaging with kinetic modeling are shown for
representative pigs from each group (Figure 5A). There
were no significant regional differences in myocardial
flow in control pigs. The Ml-saline pigs demonstrated
a significant (P=0.018) reduction in 2°'TI MBF in the MI
region relative to control remote regions of the heart
(Figure 5B). However, MBF in the Ml region of the MI-
r-TIMP3 group was similar to remote region (P=0.80),
suggesting a relative preservation of MBF in the MI
region following intracoronary infusion of rTIMP-3.

Dual Isotope **"Tc-RP805 and 2°'TlI SPECT
Imaging
In vivo dual isotope *™Tc-RP805 and 2°'TI SPECT/CT imag-

ing demonstrated increased focal uptake of **"Tc-RP805
within the Ml region that corresponded with the 2°'Tl per-

Circ Cardiovasc Imaging. 2019;12:e009055. DOI: 10.1161/CIRCIMAGING.119.009055

fusion defect. Representative hybrid SPECT/CT images are
shown for a pig in the MI-saline group (Figure 6). This pat-
tern of mismatch between MMP activation and perfusion
was consistently observed in the Ml-saline group. Qualita-
tively, the MI-rTIMP3 group demonstrated a less dramatic
increase in *°™Tc-RP805 uptake within the MI region on
the delayed static *"Tc-RP805 in vivo SPECT images.

Ex vivo SPECT/CT imaging was used to evaluate rela-
tive myocardial 2°'Tl perfusion and ®*"Tc-RP805 uptake
in Ml-saline and MI-rTIMP3 groups to avoid any con-
founding effects of motion or extracardiac activity.
Representative bullseye maps of 2°'TI perfusion and
9mTc-RP805 uptake are shown in Figure 7A.

Myocardial Gamma Well Counting of
9mTc-RP805 and 2°'Tl

The results from gamma well counting of myocardial tis-
sue are shown in Figure 7B. Myocardial segments were
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Figure 4. Alterations in myocardial strain.
Box plots of average peak left ventricular (LV) circumferential strain (A) and peak LV radial strain (B) illustrating the full range of data. There was a significant
decrease in both the peak circumferential (P=0.01) and radial strain (P=0.02) in the myocardial infarction (MI) area for the Ml-saline group compared with non-Ml
controls. Additionally, there was an increase in peak radial strain in the remote zone of the MlI-saline group vs controls (P=0.05). This compensatory increase in
remote radial strain was not seen in the Ml-recombinant TIMP-3 (rTIMP3) group. *P<0.05 vs non-MI controls, #P=0.05, 1-way ANOVA, with Bonferroni post hoc
correction. TIMP indicates tissue inhibitors of matrix metalloproteinases.

separated into MI and remote non-Ml regions based on  Ex Vivo Infarct size

relative 2°'Tl activity. There was an increase in relative *™Tc-

Postmortem analyses demonstrated a slight but non-

RP805 uptake in the MI region in both MI groups (MI- gignificant decrease in MI size in the MI-rTIMP3 group
saline: 4.03+1.40; MI-TIMP3: 2.22+0.57). However, the  versus the Mi-saline group when expressed as a per-
increase *™Tc-RP805 uptake in the MI-rTIMP3 group was  centage of total LV area at this early time point post-MI
approximately half that seen in Ml-saline group (Figure 7B).  (MI-rTIMP3: 14+9%; Ml-saline: 21+5%, P=0.21).
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Figure 5. Quantitative regional myocardial blood flow determined from in vivo dynamic #'Tl-single-photon emission computed tomography imag-
ing and kinetic modeling.
Shown are representative myocardial flow (K1) polar maps for each group (A). There is a significant reduction in perfusion in the infarct territory compared with
the contralateral remote area in the myocardial infarction (Ml)-saline group (P=0.02), although there was no significant reduction in myocardial blood flow in the
Mi-recombinant TIMP-3 (rTIMP3) group (P=0.80; B). *P<0.05 vs remote, 2-way ANOVA. TIMP indicates tissue inhibitors of matrix metalloproteinases.
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Figure 6. Representative in vivo hybrid dual isotope single-photon emission computed tomography (SPECT)/CT images are shown in vertical long
axis (VLA), horizontal long axis (HLA), and short axis (SA) from a myocardial infarction-Saline pig.

201T] SPECT images are shown in green (A), *"Tc-RP805 uptake in red (B), and contrast CT in black and white (C). A dense 2°'T| perfusion defect (red arrow) is seen
in the anteroseptal wall with corresponding hypoperfusion zone on the contrast CT image (yellow arrow). The fusion of the SPECT and CT images (D) demon-

strates focal ®"Tc-RP805 uptake within the perfusion defect.

DISCUSSION

The current study demonstrates that dual isotope
9mTc-RP805 and 2°'TI hybrid SPECT/CT imaging can
quantify myocardial MMP activation and regional
MBF in a large animal model of I/R injury with con-
trast cineCT for assessment of regional myocardial
strain. This is the first study to demonstrate that
regional MMP activity changes as a function of
intracoronary delivery of a recombinant pharmaco-
logical agent, in this case, intracoronary delivery of
rTIMP-3. The reduction in MMP activation in the Ml
region was associated with both an improvement
in quantitative MBF and a preservation of regional
circumferential and radial strain in the early period
following I/R. This multimodality imaging approach
offers a noninvasive method to potentially guide
and evaluate novel early therapeutic intervention to
reduce reperfusion injury and modulate late post-Ml
remodeling and long term outcome.

Circ Cardiovasc Imaging. 2019;12:e009055. DOI: 10.1161/CIRCIMAGING.119.009055

Model of Reperfusion Injury

MI remains one of the leading causes of morbidity
and mortality, and the primary focus has been to
reduce MI size by limiting damage during ischemia
such as the prevention of the reperfusion injury.2%-2°
The current study used a porcine model of I/R inju-
ry to recapitulate the reperfusion injury that can be
encountered following percutaneous coronary inter-
ventions with acute coronary syndromes. Specifi-
cally, a period of 90 minutes of coronary occlusion
followed by reperfusion is not dissimilar to clinical
context of door-to-balloon times of <90 minutes.?*-28
This model also allows use of standard clinical imag-
ing systems which facilitates translation of these
imaging approaches. This large animal model also
reproduces the fundamental characteristics of the
process of repair and myocardial remodeling, altera-
tions in regional and global perfusion, and changes
in wall thickness and function.?®
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Figure 7. Effects on 2'Tl and **"Tc-RP805 myocardial uptake.

Representative ex vivo single-photon emission computed tomography (SPECT) left ventricular polar maps of relative 2°'Tl and *"Tc-RP805 uptake from both myo-
cardial infarction (MI) groups (A). Well counting of myocardial tissue demonstrated an increase in ®"Tc-RP805 uptake in the Ml region (B). However, there was a
significant reduction in relative myocardial *™Tc-RP805 uptake in MI region relative to control region in the Ml-recombinant TIMP-3 (rTIMP3) group compared with
Mi-saline group (P=0.03). *P=0.03 vs Ml-saline group, Student t test. TIMP indicates tissue inhibitors of matrix metalloproteinases.

Dynamic SPECT/CT Imaging

The hybrid SPECT/CT approach has been previously used
quite successfully for the purposes of measuring serial
changes in myocardial perfusion in swine.?' In the cur-
rent study, we utilized dynamic hybrid 2°'TI SPECT imag-
ing for quantification of MBF. This dynamic imaging was
facilitated by a high-resolution high-sensitivity SPECT/CT
camera with 180° of cadmium-zinc-telluride detectors
that can simultaneously acquire 3-dimensional data with
improved resolution compared with a more convention-
al dual-headed SPECT camera with sodium-iodide (Nal)
detectors. The high sensitivity of this imaging system
allows for dynamic imaging and quantification of MBF
at relatively low doses of radiation (<6-10 mSv). The
improved energy resolution of cadmium-zinc-telluride
over conventional Nal detectors permitted dual isotope
physiological imaging with 2°'Tl in conjunction with the
targeted #"Tc-labeled molecular radiotracer.

While improvement in LV global function with mea-
surement of LVEF is commonly used to assess func-
tional changes associated with post-MI remodeling,
recent studies have indicated that strain assessed with
echocardiography can have predictive value on myo-
cardial functional recovery.?® We demonstrated that
high-resolution cine CT performed with a low dose of a
standard iodinated contrast agent can also provide pre-
cise LV regional myocardial circumferential and radial
strain measurements. Circumferential strain has been
recently reported to have a prognostic importance in
patient’s post-MI.3' These authors propose that circum-
ferential strain may be more indicative over longitudi-
nal strain of myocardial salvage and the propensity to
recover LV function in the longer term.?" Indeed, this
identical swine IR model and rTIMP-3 intracoronary
therapy resulted in an improvement in LVEF at 4 weeks
post-Ml. 1

Circ Cardiovasc Imaging. 2019;12:e009055. DOI: 10.1161/CIRCIMAGING.119.009055

MMPs and TIMPs in Post-MI Remodeling
and Dual Isotope Hybrid SPECT/CT
Imaging

Previous basic and clinical studies have identified that the
induction of MMPs, and reduction in endogenous TIMPs
play a contributory role in early ischemic injury and late
LV remodeling.1012143237 Circulating MMP plasma levels
are elevated in patients following Ml and seems to serve
as a predictor for development of heart failure.’3>3%
However, despite a large number of mechanistic studies
implicating MMP activation and adverse LV remodeling,
clinical trials employing systemic pharmacological MMP
inhibition have yielded mixed results (Tetracycline [Doxy-
cycline] and Post Myocardial Infarction Remodeling; Pre-
vention of Myocardial Infarction Early Remodeling).3*-!
This may be due in part, to the lack of a direct approach
to assess therapeutic targeting of MMP activation within
the LV myocardium. Previous studies have investigated
the use of targeted TIMP-3 delivery to the MI region
and reported reduced adverse post-MI remodeling.'417:18
More recently, it was established that intracoronary deliv-
ery of rTIMP-3 in pigs at the time of reperfusion favor-
ably reduced LV remodeling and indices of heart failure
progression.'® The present study critically advanced this
field of pharmacological therapy by directly demon-
strating that intracoronary rTIMP-3 delivery effectively
reduced MMP activity in the targeted LV region follow-
ing I/R. Our prior work demonstrated that *™Tc-RP805
uptake was increased within the Ml region at 1 week
post-MI induced by permanent coronary occlusion, and
this increase was correlated to changes in the activity
of several MMP types.'® However, these prior MMP tar-
geted imaging studies employed models of permanent
coronary occlusion without reperfusion.®'® In the cur-
rent study, using a model of I/R, intracoronary delivery

November 2019 8



6T0Z ‘6T JoquenoN uo Agq Bio'sfeuinofeye;/:dny woly pspeojumod

Thorn et al; Hybrid SPECT/CT Evaluation of Post-MI Remodeling

of rTIMP-3 improved regional MBF within the Ml region,
suggesting a potential reduction in the no reflow associ-
ated with reperfusion injury. Although we did not dem-
onstrate a significant difference in LVEF at this early time
point post-rTIMP-3 delivery, previous work demonstrate
that intracoronary rTIMP-3 did result in an improvement
of global LV function at 1-month post-MI.'® However, the
present study did demonstrate in this early I/R time period
that rTIMP-3 improved regional myocardial strain within
the MI region which in turn over time may contribute
to improved LV pump function, as reported previously.'®

Limitations and Summary

The current study was limited to only the early evaluation
of myocardial MMP activation with *mTc-RP805 post-MiI
and the effects of intracoronary rTIMP-3 delivery. Based
on these unique proof of concept studies, combined
imaging/pharmacological studies are warranted. There
does seem to be a partial volume effect in the apical
region of the in vivo MBF imaging results; however, the
apical segments were not included in the evaluation of
MBF. We also did not specifically demonstrate that myo-
cardial uptake of #mTc-RP805 in the current study corre-
lated with other molecular markers of MMP activation,
although this has been done in previous studies.'®'®
Nevertheless, this study establishes the utility of a clini-
cally relevant noninvasive imaging approach that can
directly visualize and quantify regional myocardial MMP
activation in relation to changes in critical physiological
indices of regional MBF and function. The application
of this dual isotope hybrid SPECT/CT imaging approach
may facilitate the optimization and translation of thera-
peutic interventions post-Ml such as the use of intra-
coronary delivery of recombinant peptides for reduction
of I/R injury in the early stages of post-MI remodeling.
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